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On average you breathe
12000 - 15000 litres of air
every day... at ~1.29 g/L that
is in excess of 15 kg, that is
several times more than you
consume as food/drink.



What do you know
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Sources of air pollution

Manufacturing industries
and construction

Energy industries -
9y NMVOC AT ses Resldentlal and small-scale

PM, NO, | SO. |NH, Nmvoc B 6. mxis.s%' ’om 2.4% commerclal combustion
3.3% | 22.4% 37.3% 0.41%  0.5% . NH, | NMVOC 'S0, |NH, | NMvVOC
12.9%‘0.1% ‘u% | 1.3% | 54.4% 43.1% 10.3% 25.5% 0.8% 6.2%
Fugitive emissions

PM,, | NO, | SO, |NH, |NMVOC

1.4% | oav.‘ 1.4% 0.1% 15.8%

Non-road tranport

PM,, |NO, SO, | NH, | NMVOC
3.6% 16.8% 8.3% 0% | 1.6%

Road transport | NO. | NH, | NMVOC

SO, NH,  NMVOC a% \oa%\uu LR e
Tt e e s T

S0, - Sulphur dioxide NH, - Ammonia NMVOCs - Non-methane volatile organic compounds
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Pollution substances:






Making
measurements
matter!



Many analytical techniques and instruments are used for
environmental measurement.

An APPROPRIATE method must be chosen for each analysis

When to take samples, how many samples are required.
— How to take samples.
— How the samples must be treated prior to analysis.

— How to store and preserve samples up to the point of analysis.

 What are the objectives of the study?.
« Whatis the ‘type’ of system that is going to be observed?.
« What resources are required/available for the study?.

« Will the samples give a fair representation of the environment
studied??.



The key is to produce
something which is

REPRESENTATIVE



Are your measurements
in the right place?

Are they fast enough?
Long enough dataset?

How GOOD are they?



Calibration and standards

98.5 kg %} 100.0 kg =

Uncalibrated

The uncertainty which errors The ‘accuracy’ of aresult is the
give to a final result is difference between the experimental
described as its ‘precision’. result and the ‘known’ value.




Monitoring
Alr Quality




Which atmospheric constituents are pollutants?

Particulates

Organics

Constituents important for air quality and
climate are ‘trace’ gases - presentin very
small concentrations (parts per billion or
parts per trillion).



Which atmospheric constituents are pollutants?

Particulates
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Constituents important for air quality and
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Which atmospheric constituents are pollutants?

- Found in abundance in stratosphere.
- Harmful at ground level.

- Formed by chemistry in the air under
sunlight.

Particulates

- Tiny particles suspended in air.

- Can be smaller than width of human hair.
- Emitted directly but can also form in
atmosphere.

- Emitted in high temperature
combustion.

- Road traffic biggest UK source.

- UK currently breaking EU law for NO,
levels.

- Sourced from coal and fossil fuels.

- Reacts in atmosphere to form particles
(sulfates).

- Canlead to ‘acid rain’.



Most “famous”
Environmental
Measurement?




CO; mole fraction (ppm)

420
400

380

w
(o)
o

Y
Y
o

320

Atmospheric CO; at Mauna Loa Observatory

Scripps Institution of Oceanography
NOAA Global Monitoring Laboratory
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Recent Monthly Mean CO; at Mauna Loa Observatory
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Spectroscopic
methods AW

Spectroscopy Is the use of the absorption,
emission, or scattering of electromagnetic
radiation by matter to qualitatively or
guantitatively study atoms, molecules,
atomic or molecular ions, or solids.



« The energy can be absorbed; the
transfer of energy from the
radiation to an absorber, atom,
molecule, or solid.

 Energy can be emitted; from a species
previously excited by photon absorption.

In all cases it is stored in discrete quantities or quantised levels
e.g. to adsorb energy from a photon, the photon must have exactly
the same energy of the transition between energy levels

« Thelight can be scattered; a redirection of the photon
which is sometimes accompanied by a change in energy.



THE ELECTROMAGNETIC SPECTRUM
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Light photons of different energies classified into

different spectral regions.

These regions have the same electromagnetic nature, but
because of their very different energies they interact with
matter very differently.




Spectroscopic instrumentation

Three partstoa | * Light sources

spectroscopiC ¥ . Monochromators

Instrument. |, petectors

. Detector

There are many variations and hybrids of spectroscopic
techniques, but all follow the same basic theories.

Light source | I Monochromator

The general layout of energy source, energy absorption and
energy detection is consistent throughout.



Carbon Dioxide (CO,) by IR.
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The filter modulates the light produced and the difference between the
light detected on the photomultiplier is proportional to the gas
concentration in the cell.



Carbon Dioxide (CO,) by IR.
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The filter modulates the light produced and the difference between the
light detected on the photomultiplier is proportional to the gas
concentration in the cell.



NOx by Chemiluminescence.

NO + O; - NO, + O, subsequently NO, — NO, + hv

The NO," species is simply NO, in an excited (electronic) state which in time relaxes to emit
photons of light. The radiation has a range of wavelengths but is strongest centered around
1200 nm in the near infrared region.

The light intensity varies linearly as predicted by the Beer-Lambert
relationship which can be expressed in the form: Ln (I{/l;) = -ecl
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Catalyti g
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Sample/‘ /_
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The technique ONLY measures NO so it converts NO, into NO by reducing it over a
hot metal surface: 3NO, + Mo — 3NO + MoO; (315°C)

Switching between convertor and direct gives [NOx] and [NO] (NO, by subtraction.)



Ozone is relatively abundant in the troposphere (0 - 400 ppbV)

There are no specific wet chemical methods for the analysis of ozone,
although a broad oxidant method using the oxidation of potassium iodide is
available (interferences from alkyl nitrates, hydrogen peroxide and even, to a

limited extent nitrogen dioxide).

It is the strong absorption of ozone in the 254 nm region in the stratosphere
that protects life lower in the atmosphere.

First reported use of absorption spectroscopy was in 1912, modern
iInstruments generally use ultraviolet photometry at 253.7 nm for direct
determination of atmospheric ozone.

Light is produced by a mercury vapour lamp, the majority of the light emitted
Is at the 254 nm wavelength, it is this wavelength that there is a strong
absorption.

Some hydrocarbons particularly aromatics can also absorb BUT only when
present in high concentrations (chemical plants, biomass burning plumes).



| Ozone scrubber

C t

Switching valve e et
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radiﬁtion

Air out

Continuous flow of air passes into sample cell where it is exposed to UV
@ 254 nm.

Ozone absorbs a portion of photons, remainder detected by a
photodetector.

An in-line ozone scrubber produces a zero measurement, the difference in
absorption is determined and thus a value for the concentration of ozone.
(BEER LAMBERT)



Sulphur Dioxide (SO,).

To detect SO, a flame photometric detector (FPD) can be used.

Flame The FPD is used
-, to continuously
measure sulphur
compounds in
nght Photomultiplier tube ambient air.
filter
1§ Output )
L { Sample air signal '-
and hydrogen

Light is emitted in the near UV region when the sulphur compounds are thermally
decomposed in a hydrogen flame.

This technigue can be applied to GC if the air contains a number of sulphur containing
compounds such as H,S.



Particulate
Matter




THE RELATIVE SILE
OF PARTICLES

From the COVID-19 pandemic to the U.S,
West Coast wildfires, some of the biggest
threats now are also the most microscopic.

HUMAN HAIR 50- 180um )

FOR SCALE

A particle needs to be 10 microns (um) or
less before it can be inhaled into your
respiratory tract, But just how small are
these specks?

Here's a look at the relative sizes of
some familiar particles v

DUST PARTICLE (PM1) <10um >

RED BLOOD CELL 7-8um 7

o Pollen can trigger allergic reactions
OOQ and hay fever—which 1in 5
v Americans experience every year.

\ Sautce: Harvard Health

RESPIRATORY DROPLETS 5-10pm »

DUST PARTICLE (PMa.s) 2.5um )

* The visibility limits for what the naked
eye can see hovers around 10-40um.

Respiratory droplets have the potential
to carry smaller particles within them,
such as dust or COVID-19.,

45 Wlldflre smoke can persist in the air for
several days, and even months.
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PENETRATION OF PARTICLES
INTO THE BODY

PM10 PM2.5 & PM1 PMO.1

COARSE PARTICLES FINE PARTICLES ULTRAFINE PARTICLES
Pollen Wood burning Wood burning
Wood burning Car exhaust Car exhaust
Dust Biomass Biomass
Construction Agricultural burning Agricultural burning
Fireworks Fireworks Viruses
Road traffic Cooking

Bacteria & Fungi

#SEETHEAIR



Filter Sampling - Simple, low resolution.

=

Gerson
G95P
NIOSH

PS5 Serig
cartridge side

Cascade Sampling - More size fractions, still low resolution

TEOM - Single size range BUT much high temporal resolution



Biomass Smoke

Aitken Accumulation Coarse

he Volume

10 100 1000 1000
Particle Diameter, nm

The pore size of the filter can
be used to add a degree of
selectivity in particle size
collected.

V. large sample volumes are
required, typically 50-1500 m3

Total flow rate required for
calculation of concentration.

Filters must be measured
before exposure and kept cool
once they have been used
when analysing for VOC.

Comprehensive analysis may
use extraction followed by LC
or GC + MS also electron
microscopy or ice nucleation
detection methods




vibration

Filter

Air drawn down
central tube by
calibrated pump

*A filter is mounted on the top of a glass stalk which
vibrates horizontally at high frequency (200-600 Hz).

*The sample flow passes through the filter, where
particulate matter collects, and then continues through
the hollow tapered element on its way to an active
volumetric flow control system and vacuum pump.

*As particulate material is deposited on the filter the
resonant frequency of the element changes.

*An inertial balance directly measures the mass collected
on the exchangeable filter cartridge by monitoring the
corresponding frequency change.

*Mass calibration may be verified, using an filter of known
mass.

*Active flow control is maintained and set points are
constantly adjusted in accordance with ambient
temperature and pressure.
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Remote Sensing:
Spectroscopy from the sky
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Which world regions suffer the poorest air quality?

Figure 2: Location of the monitoring stations and PM,, . concentration in nearly 3 000 human
settlements, 2008-2015
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Measurements
matter!
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